Objective: To report successful therapy for anisometropic and strabismic amblyopia initiated after age 7 years. (2) total penalization (7 patients; mean age, 7.8 years), or (3) full-time occlusive contact lenses (8 patients; mean age, 8.8 years).
T HE RESPONSE to amblyopia therapy is thought to be related to (1) type of amblyogenic stimulus (anisometropia, strabismus, or deprivation), [1] [2] [3] [4] (2) initial depth of amblyopia, 3-5 (3) age at initiation of therapy (years), 1,2,4-16 (4) duration of amblyopia therapy (initial and maintenance for months to years), [6] [7] [8] (5) method of amblyopia therapy (penalization [complete or partial, ie, with or without a refractive lens creating a blur] [17] [18] [19] or occlusion [fulltime or part-time, with an occlusive contact lens 20 or with a standard patch]), and (6) compliance (despite social and psychological factors). 2, 5, 6, [21] [22] [23] [24] In 1998, Flynn et al 4 reviewed extensively the results of amblyopia therapy by using the pooled data from 961 patients described in 23 published studies between 1965 and 1994. Univariate analyses showed that the single factor that most clearly related to a successful outcome was age at initiation of therapy (PϽ.001). Success (visual acuity better than 20/40) was accomplished in 73% of patients, whose mean age was 5.2 years. Failure (visual acuity worse than 20/50) was accomplished in 27% of patients, whose mean age was 7.5 years. A second factor identified by univariate analyses was depth of visual loss before treatment for anisometropic and strabismic, but not for combined anisometropic and strabismic, amblyopia (PϽ.001). A third factor identified by univariate analyses was type of amblyopia (successful treatment in 78% of strabismic patients [n = 402], 67% of anisometropic patients [n = 108], and 59% of combined strabismic and anisometropic patients [n=75] ). With the use of these 3 single factors, a multivariate model (Table  VI and Figure 4 in the article by Flynn et al 4 ) showed odds for failure increased in the following age groups: from 0 to 3 years (n=387; odds for failure, 0 [ie, reference group]), 4 to 5 years (n=226; odds for failure, 1.7), 6 to 10 years (n=258; odds for failure, 4.3), 11 to 20 years (n=26; odds for failure, 7.9), and 21 years or older (n=14; odds for failure, 12.3). According to Flynn et al, "Odds of treatment failure are less than 1:2 for a wide range of patients who began treatment with either good initial acuity or at a young age, but increase steeply to more than 4:1 for older patients with worse initial acuity."
The impression that age at initiation of therapy is pivotal persists even into the 1990s. Even the official Web site of the American Academy of Ophthalmology, eyeNET, states that, "Success in the treatment of amblyopia also depends upon how severe the amblyopia is and how old the child is when treatment is begun. . . . Sometimes parttime treatment may have to continue until the child is about nine years of age. . . . If amblyopia is first discovered after early childhood, treatment may not be successful." 25 Reports of children with anisometropic and strabismic amblyopia continue to suggest that an age of 6 or 7 years correlates with better response to treatment. In 1991, Quah et al 9 described 48 subjects who had markedly better success in treatment if the abnormality was detected at 6 years of age or younger (Table VII in  the article by Quah et al  9 ) , and in 1992, Rutstein and Fuhr 10 found that a visual acuity of 20/40 or better could be obtained in 54% of anisometropic and strabismic amblyopic patients aged 7 years or younger, but in only 27% of such patients older than 8 years (their Figure 1 
10
). With regard to children with strabismic amblyopia, response to treatment is not better. In 1993, Epelbaum et al 12 found that the efficiency of treatment for strabismic amblyopia decreased as a function of age and was null by the time the patient was 12 years of age (their Figure 2) . Only children with anisometropic amblyopia are reported to respond to therapy at later ages. In 1977, Hedgpeth and Sullivan 14 found that anisometropic amblyopia could be successfully treated at least until the age of 12 years (their Tables 1 and 2 ). In 1992, Wick et al 1 described 19 patients older than 6 years and found that anisometropic amblyopia was amenable to treatment at any age (at least to age 49 years) (their Table 1 ).
The purpose of this consecutive compliant patient series, studied retrospectively, is to suggest that anisometropic and strabismic amblyopia can be improved provided that the initial depth of amblyopia is not worse than counting fingers and that the method and duration of amblyopia therapy are tailored to obtain compliance, accounting for social and psychological factors. Thus, age at initiation of therapy need not be a deterrent to therapy even if greater than 7 years.
PATIENTS AND METHODS
Thirty-six compliant children are the subjects of this report. Each was referred after having failed a routine visual acuity screening after the age of 7 years either at school or in a pediatric clinic. Only patients with initial visual acuity of 20/50 or worse were included. This consecutive patient series intentionally excluded patients with organic amblyopia, deprivation amblyopia, and noncompliant patients. None of the children had undergone an ocular examination previously; thus, none had ever worn glasses, received amblyopia therapy, or had strabismus surgery. Most of the patients had been told by the initial ophthalmic professional that nothing could be done for their amblyopia because they were too old. They were referred to this pediatric ophthalmology practice for a second opinion.
All parents gave informed consent regarding the diagnosis and standard treatment of amblyopia (anisometropic, strabismic, and combined anisometropic and strabismic). Additional information was given regarding penalization (pharmacological and optical) and occlusive contact lenses when these treatment modalities were to be used.
Visual acuity was measured by means of linear Snellen optotypes. At the time that many of these patients were seen initially, devices were not available to constantly generate random letters by a computer-driven apparatus; therefore, familiarity of letters or memorization factors cannot be eliminated. A binocularity index was determined with the use of the Worth 4-dot test at near and the Titmus stereo test with a scale ranging from 0 to 4: 0 indicated complete suppression; 1, a moderate central suppression scotoma with peripheral fusion at near only indicated by fusion on the Worth 4-dot test at near; 2, a small suppression scotoma and peripheral fusion indicated by fusion of the Titmus stereo fly; 3, moderate stereoacuity (100-400 arc seconds) on the stereo test animals (1 to 3 animals) and/or on the stereo test circles (1 to 5 circles); and 4, good stereoacuity (Յ80 arc seconds) on the stereo test circles (6 to 9 circles). [18] [19] Initial therapy consisted of full optical correction (spectacle or contact lens) for the amblyopic eye and total penalization or full-time occlusion (standard occlusion with a patch or with an occlusive contact lens) for the nonamblyopic eye. Total penalization for both distance and near consisted of 1% atropine sulfate ophthalmic drops from 2 to 4 days each week (depending on iris color) with a refractive lens creating 4 to 6 diopters of blur, ie, an incorrect lens, for the nonamblyopic eye. Because the rate of recovery of visual acuity seemed to be nonlinear, follow-up visits were initially frequent (1 to 4 weeks) to give encouragement and document compliance. There was a uniformly rapid rate of improvement to the 20/ 200 level of visual acuity. Later, follow-up visits were less frequent (4 to 6 months) to prevent discouragement, since patients want to document improvement after each visit, and there was a slower rate of improvement to the 20/30 or 20/20 level of visual acuity. This therapy was continued until there was no further improvement in the visual acuity of the amblyopic eye. After this, partial penalization for near or parttime occlusion (with a patch or with an occlusive contact lens) was used for maintenance of the final (best) visual acuity for a minimum of 1 year to diminish recidivism. Partial penalization for near consisted of 1% atropine ophthalmic drops 1 to 2 days each week with the correct lens for the nonamblyopic eye. After maintenance therapy was discontinued, visual acuity was retested in 3 to 4 months, and if there was any decrement in visual acuity, maintenance therapy was used for a minimum of 1 additional year.
The occlusive contact lenses were obtained by ordering clear, soft contact lenses (SaturEyes [55% hioxifilcon A; base curves, 8.4 or 8.7 mm; diameter, 14.2 mm; power, +5.00 diopters; dK value (oxygen permeability factor), 20 for daily wear]; Metro Optics, Austin, Tex). These contact lenses were sent to Adventure in Colors Technology (Golden, Colo), where they were dyed with reactive black dye No. 11.
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RESULTS
There were 36 patients: 21 boys and 15 girls. Nine were Hispanic, 3 were black, and 24 were white. Each was born between November 1, 1979, and July 31, 1991, and was initially examined ophthalmologically between October 1, 1987, and July 31, 1999. Thus, an average of only 4 patients per year met the clinical criteria for inclusion in this consecutive series of compliant patients diagnosed initially after the age of 7 years. It is not known how many patients who were given instruction for amblyopia therapy were not compliant or did not feel that therapy was working and, thus, did not return. These patients, as well as those who may have been required to have follow-up care by other physicians because of insurance carriers, were excluded from this study for lack of data, and this exclusion prevents calculation of a success rate.
The clinical variables for each of the 36 compliant patients are given in Table 1 and include sex, race, refraction of each eye, amount of anisometropia, and presence of strabismus. Table 2 details the initial (worst) amblyopia characteristics and includes age at start of therapy, method of initial therapy, initial (worst) visual acuity of the amblyopic eye and its log value, and initial binocularity index. Means are given for each subgroup of patients as well as for all of the 36 patients. Table 3 provides the final (best) amblyopia characteristics and includes age at end of therapy, years of therapy required, final (best) visual acuity of the amblyopic eye and its log value, and final binocularity index. Means are given for each subgroup of patients as well as for all of the 36 patients. The average age at initiation of amblyopia therapy for the 36 patients was 8.2 years (range, 7.0-10.3 years). Anisometropia was present in 19 patients (mean initial age, 8.3 years; range, 7.1-10.3 years), strabismus in 9 patients (mean initial age, 8.0 years; range, 7.0-9.0 years), and both anisometropia and strabismus in 8 patients (mean initial age, 8.0 years; range, 7.0-9.2 years). None of the patients had an angle of strabismus greater than 10 prism diopters, which undoubtedly contributed to the late age at the time of diagnosis.
The initial (worst) visual acuity ranged from 20/50 to 20/400 with best optical correction. The log geometric mean was -0.83 (antilog, 20/134) and median was 20/100 for all patients; -0.88 (antilog, 20/151) and 20/100 for anisometropic patients; -0.70 (antilog, 20/100) and 20/80 for strabismic patients; and -0.88 (antilog, 20/151) and 20/200 for combined anisometropic and strabismic patients. Binocular function was present initially for 28% (10/36 patients) of all patients, for 37% (7/19 patients) with anisometropic amblyopia, for 11% (1/9 patients) with strabismic amblyopia, and for 25% (2/8 patients) with combined amblyopia.
The final (best) visual acuity ranged from 20/20 to 20/30 with best optical correction (log geometric mean, -0.09; antilog, 20/24; and median, 20/25) for all patients. Duration of therapy was a mean of 0.6 year for anisometropic amblyopia, 1.0 years for strabismic amblyopia, and 0.8 year for combined amblyopia. Binocular function at the end of therapy was maintained or improved for 61% (22/36 patients), including 84% (16/19 patients) with anisometropic amblyopia, 22% (2/9 patients) with strabismic amblyopia, and 50% (4/8 patients) with combined amblyopia.
The relationships between initial (worst) and final (best) visual acuity (log) and age at start of therapy are shown in Figure 1 for all patients and for patients with anisometropic, strabismic, and combined amblyopia. The relationships between initial and final visual acuity (log) and anisometropia are shown in Figure 2 for the same 4 patient groups. In this series, visual acuity was uniformly improved (100%).
The relationships between initial and final binocular function (0 to 4 binocularity index) and the age at start of therapy are shown in Figure 3 for the same 4 patient groups. The relationships between initial and final binocular function (0 to 4 binocularity index) and anisometropia are shown in Figure 4 for the same 4 patient groups. In this series, binocular function was often maintained or improved (84%) if anisometropia was the only amblyogenic stimulus ( Figures 3C and 4C ) but was less frequently improved (35%) if strabismus was an amblyogenic stimulus (Figure 3B and D; Figure 4B and D).
COMMENT
There are 3 periods for any visual function: (1) the period of development of the visual function; (2) the period for interrupting the visual function; and (3) the period for recovering the visual function. 26 These 3 periods are different for each of the 3 types of amblyopia: anisometropic, strabismic, and deprivation. 12, 26, 27 These 3 periods are also different for binocular function.
In this consecutive patient series, when compliance was obtained, visual acuity could be recovered uniformly for anisometropic and strabismic amblyopia; however, binocular function was easier to recover for anisometropic amblyopia than for strabismic amblyopia. It is understood that congenital strabismus will not spontaneously improve; however, anisometropia has been documented to increase, remain stable, or decrease at early ages. 28 Of course, in this series of patients, who were not seen before the age of 7 years, all early data for amblyopia are unknown. Nevertheless, this is just one example of the differences between anisometropic and strabismic amblyopia that allow one to predict that anisometropic amblyopia has a much more favorable progno- sis for the development of binocular function than does strabismic amblyopia.
To obtain compliance, several methods of "coercion and bribery" were used. In addition, to assist indigent parents, patches, atropine eye drops, glasses, contact lenses, and office visits were provided at no charge as needed. These programs represent our most aggressive penalization and occlusion schedules because of the sense of urgency to obtain improvement quickly for both psychological and physiological reasons. In general, occlusive contact lenses were chosen for the older, cooperative, strabismic patients whose initial visual acuity was 20/200 or worse (more severe initial depth of amblyopia). Total penalization was chosen for the younger, uncooperative, anisometropic patients whose initial visual acuity was 20/100 or better (less severe initial depth of amblyopia).
Our results suggest that the period of visual acuity recovery for anisometropic, strabismic, and combined amblyopia should be extended from the conventional view WWW.ARCHOPHTHALMOL.COM 1540 of 7 years of age as an upper limit for treatment, but they do not imply any specific age as an upper limit for treatment. Our results also extend the period of recovery of binocular function, especially if the loss of binocularity is due to anisometropia alone. Amblyopia therapy is one of the most cost-effective methods of restoring vision, and treatment should be undertaken aggressively. Although this report is only a small, single-center, retrospectively analyzed, consecutive case series of compliant patients, it suggests that large, multicenter, prospective amblyopia studies should include older patients.
